Lake Kitaura is a shallow lake maximum depth: 7m surrounded by low diluvial uplands and alluvial plains in the eastern Kanto region, central Japan. A northeasterly wind prevails throughout the year except in winter. The steady wind direction is suitable for the study on wind effects in relation to bottom surface sedimentation in Lake Kitaura.
Introduction
wave action induced by wind is the principle controlling factor in shallow lakes Sly, 1978 . Inouchi et al. 1989 showed the spatial distribution of heavy metals, total carbon and total nitrogen in Lake Kasumigaura, and explained that the distribution was due to reworking and resedimentation by wave and lake current. Inouchi et al. 1989 and Inouchi 1990 also showed the areal distribution pattern of heavy metals, total carbon, total nitrogen and the accumulation rate in Lake Biwa, and put forward a cloud model for deep lake sedimentation. Kumon et al. 1993 studied the grain size distribution of bottom surface sediments in Lake Biwa.
They pointed out that the geostrophic gyre may be a primary factor controlling the distribution of bottom sediments in the off-shore zone of Lake Biwa, and advocated that the grain size distribution reflected average movements of lake currents. Chikita 1986 is an example of an earlier study discussing the river inflow effect to lake sedJour. Geol. Soc. Japan, Vol. 110, No. 1, p. 1 10, January 2004 Characteristics of bottom surface sediments in relation to wind and wave action in Lake Kitaura, central Japan iments. They investigated the distribution of grain size and ignition loss on bottom sediments in Lake Okotanpe, Hokkaido, and revealed that the sedimentary process was controlled mainly by river-induced turbidity currents and sediment dispersion.
The main focus of this study is to discuss the depositional processes of shallow lakes based on bottom surface sediment distributions in relation to wind effect and river inflow.
. Geographic features of Lake Kitaura
Lake Kitaura is a eutrophic lake located just east of Lake Kasumigaura Fig.1 , with a maximum depth of 7 m, a mean depth of 4.5 m, an area of 35.2km 2 and a perimeter of 64km National Astronomical Observatory, 2000 .
Thermal stratification caused by insolation is weak even in the summer season due to strong winds which intermittently disturb water up to the deepest part of the lake.
According to the limnological observation from AD1981
to 1987, the difference of water temperature of the surface and bottom was almost less than 3 1984 , 1985 . The amount of dissolved oxygen may become low on the bottom surface only for a short period
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in summer. Chlorine ion measurements made from AD1985 to 1987 shows that Kitaura is fresh water with no saline water detected in the bottom part of lake Kikuchi, 1986 Kikuchi, , 1990 .
Based on the AMeDAS data at Kashima local meteorological station, predominant wind direction around Lake Kiaura is NE throughout the year Fig.2 .A . As shown in Fig.2 Sakamoto et al., 1981; Ibaraki Pref., 1988 . Therefore, clastic particles are largely derived from the pleistocene clastic sediments in Lake Kitaura.
There are a total of 22 tributaries including River
Tomoe and River Hokota which are the major tributaries.
River Wani is the only outflowing river, joining River Tone through Lake Sotonasakaura and River Hitachitone. Lake Kitaura was a lagoon formed along River Tomoe by sealevel rise Jomon Transgression , and the bay mouth was buried later by dune sand when sea level dropped to near present levels Ibaraki Pref., 1989 , Saito et al., 1990 .
Lake Kitarura was formally brackish. Hitachigawa Watergate was constructed at the lower part of River Hitachi- In the laboratory each of the samples was stirred well and kept wet for grain size analysis. A part of the sample was dried at 60 for analysis of total organic carbon 
. Grain size measurement and chemical analysis
Grain size was measured by a combined method using hydrometer and sieving Kumon et al., 1993 ; Inouchi and Kumon, 1998 . About 100 to 150 g of wet sediments were used for hydrometer analysis after disaggregation by H2O2
for a few days. After the analysis the sample was washed out through a 4.5 phi sieve, and the remaining fraction coarser than 4.5 phi were sieved in 0.5 phi intervals to obtain a detailed grain-size distribution of sand fraction.
Both data was combined as a whole grain-size distribution by calculation. The primary factors which control lake sedimentation are erosion, transportation and deposition by waves and inflowing rivers Sly, 1978 , Håkanson, 1982 . We discuss the effect of wave, river inflow and tide on sedimentation in Lake Kitaura based on the characteristics of the bottom sediments.
The sedimentation rate of surface sediments upper 30 cm in the central part of Lake Kitaura, off Kamaya, is esti- 
. Cause of sediment distribution in Lake Kitaura
The clayey sediments with median parameters of more than 9 phi cover most parts of the sublacustrine plain. which causes low decomposition of organic matters does not appear frequently in Lake Kitaura, and it is hard to consider the low dilution effect by clastic particles because sedimentation rate in a center of lake may be same. These points suggest that the distribution of finer sediments and TOC in Lake Kitaura indicate the place of weak water movement.
We have also found that the distribution of sandy sediments was restricted to the littoral shelf and the step-off in the coastal zone. Generally, the inner boundary of the shore zone inner limit of sand distribution corresponds with the wave-base depth which coincides roughly to a quarter of wavelength Sly, 1978 . A littoral shelf is a flat surface which is formed by coastal erosion and by subsequent transportation and deposition under wave influence ex., Yoshimura, 1937; Saijyo and Mitamura, 1995 . As shown in the cross sections in Fig.6 , the littoral shelf along the western side of the southern part of Lake Kitaura is deeper and wider than that along the eastern side.
This fact implies that the western coast of the southern part of Lake Kitaura is affected by stronger wave action than the eastern coast.
In a lake, the primary factor causing waves and surface drift is wind, and the magnitude of waves depends on wind velocity, duration and fetch e.g. Sly, 1978; Håkanson, 1982; Kanenari. 1987; Horne and Goldman, 1994 . In Lake Kitaura strong wave action and surface drift occur along the western coast in the southwest part of the lake, where the longest fetch exists in relation to The dominant wind direction around Lake Kitaura is NE Fig.2 .A . In usual circumstances fair weather , dominant northeasterly wind may cause surface drift and vertical circulation of lake water. Due to these currents, the finer fractions of the reworked sediments such as fine silt with a median of 6 to 8 phi and clay sediments may be transported to further offshore especially in southern part of the lake with the longest fetch and probably settle in the area with the weakest water current Fig.8 .B .
The littoral shelf is not observed in the northern part of Lake Kitaura for example, Section A-A' in Fig. 6 . Fine grained sediments such as silty clay and clay distribute on the shallow basin floor less than 2.5 m in depth in the northern part of Takada. This may be due to a short fetch in relation to the prevailing wind direction and a zigzagged topography of the sub-basins because these features decrease wave activity. This is due to a smaller scale of wave and water current because of short fetch in the northern part of the lake. A depositional mechanism in the northern part of Lake Kitaura is the same as that in the southern part. In the littoral area south of Suozaki, clayey sediments are distributed in a shallow bottom of 2 to 4 meters depth Section E-E' in Fig.6 . This fact may be explained by the east-west trending spit which pre-110 1
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. River inflow effect
In general, bottom sediments of large lakes are also greatly influenced by river input Sly, 1978; Håkanson, 1982 . In Lake Kitaura, sandy sediments were not found at any of the sampling points near the river mouths except in some inlets. However, this may be partly due to the low density of sampling points, and it is possible that the distribution of sandy sediments are limited to small areas in or near the river mouths. Except for River Tomoe, almost no deltas are observed near the inflowing river mouths of Lake Kitaura.
One good indicator of river input effect is C/N ratio, since organic materials derived from land plants have high C/N Nakai et al., 1982; Nakai and Koyama, 1987; Sampei and Matsumoto, 2001 . Organic matters in lake sediments are regarded as a mixture of lake planktons and terrestrial organic matters. Organic matters in lake sediments, which are derived mainly from plankton or terrestrial vas- A clay fraction of fine sediments may be transported widely as suspension by wave action, however, it is unknown how far this is extended.
. Tidal effect of relict ancient sediments
Sandy sediments are widely exposed in the southeastern margin of Lake Kitaura. This distribution is partly due to wave action, because the water depth is shallower than 3 meters. Although the fetch is short, the wave is strong 
